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(54) Digital television status display 

(57) A television receiver which receives an ATSC 
multi-program stream for a single major channel and 
generates a status display which displays the major 
channel identifier and a plurality of indicators, each cor- 
responding to a respective one of the minor channels 
associated with the major channel. The indicator corre- 
sponding to the minor channel that is currently selected 
is highlighted with respect to the other indicators. The 
television receiver includes an image format converter 
and the status display also includes information con- 
cerning the format of the received signal and any fornnat 
conversion that is currently being performed. The televi- 
sion receiver is also coupled to a digital VCR via a dig- 
ital communications link. The digital television receiver 
generates a control panel for the digital VCR on the dis- 
play device of the television receiver, and includes a 
facility for receiving commands for the digital VCR, 
sending the commands to the digital VCR via the digital 
communications link displaying the current status of the 
digital VCR. The television receiver maintains the status 
display for the digital VCR. by sending a status change 
request to the digital VCR immediately after receiving 
any status change information, whereby the VCR 
responds to the status change request only on a 5ut>se- 
quent change in its operational status. 
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Description 

BACKGROUND OF th^E INVENTION 

5 [0001] The present invention relates generally to digital television receivers and in particular to a method for dis- 
playing status and controlling attached peripheral devices in television receivers that operate according to the digital tel- 
evision standard. 

[0002] Current analog television systems transmit one program per channel. Selection from among the channels 
being broadcast at any given time is rmde by adjusting the tuner to tune to the frequency of the desired channel. In 
10 acfeiition, peripheral devices, such as video cassette records (VCRs), which are connected to a television receiver are 
typically controlled exclusively through the VCR» even though a control or menu screen may be displayed on the display 
device of the television receiver. 

[0003] Some digital television systems exist which transmit multiple programs via a satellite link These systems 
Include an electronic program guide which maps each prograrn number into a particular transponder signal, a particular 

15 channel being transmitted by the transporKler and a particular program in the channel. In these systems, the electronic 
program gukJe is required to tune to a program being carried ksy one of these digital satellite systems. Thus an electronic 
program guide must be generated at the head-end arxi decoded by the receiver in order to tune to a specific progrcun. 
[0004] The Program and Svstem Irrformation Protocol for Terrestrial Broadcast and Cable specification as 
described in publication DOC A/65 published by Advanced Television Systems Committee, which is incorporated herein 

20 by reference for its teachings on digital the program and system information protocol (PSIP). describes a method by 
which television program information nray be transmitted with a multiprogram data stream that conveys multiple pro- 
grams in a single tenestrial broadcast channel or ciable cfiannel. Thi^, each of several broadcasters who transmit sig- 
nals in a given area may send a signal that contains a single high-definition program or multiple programs which may 
be either high-definition or standard definition programs. When each broadcaster sends multiple programs over its 

25 channel, the standard describe a method by which these programs are identified. The PSIP standard builds upon the 
ATSC Digital Television StarxJard DOC A^ which, in turn, builds upon the MPEG-2 standard defined by the Moving 
Picture Experts Group (MPEG) which is described in a publication entitled "Generic Coding of Moving Pictures and 
Associated Audio. Recommendation H.626", ISO/lEC 13818-2, IS, 11/94 available from the International Standards 
Organization ard which is hereby incorporated by reference for its teaching on the MPEG-2 digital video coding stand- 

30 ard. 

[0005] The PSIP standard only defines a method for identifying and associating the various programs that are 
transmitted via an ATSC multi-program stream. It does not describe any method for displaying the data in a way that 
may be easily understood by a viewer. 

35 SUMMARY OF THE INVENTION 

[0006] The present invention is embodied in a television receiver which receives an ATSC multi-program stream for 
a single major channel and generates a status display which displays the major channel identifier and a plurality of indi- 
cators, each conesponding to a respective one of the minor channels associated with the major channel. The indicator 
40 corresponding to the minor channel that is currently selected is highlighted with respect to the other indicators. 

[0007] According to one aspect of the invention, the television receiver includes an image format converter and the 
status display also includes information concerning the format of the received signal and any format conversion that is 
currently being performed. 

[0008] According to another aspect of the invention, the televisfon recaver is coupled to a digital VCR via a digital 
45 communications link. The digital television receiver generates a control panel for the digital VCR on the display device 
of the television receiver, and includes a facility for receiving commands for the digital VCR, sending the commands to 
the digital VCR via the digital comnrujnications Wrk cfisplaying the current status of the digital VCR. 
[0009] According to yet another aspect of the invention, the television receiver generates a status display for the 
digital VCR, receives status information from the digital VCR when a change in status occurs and updates the status 
so display to reflect the received changes in status. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

55 

Rgure 1 A is an isometric drawing, partly in block diagram form which illustrates a combination digital television set- 
top box, television display device and digital VCR. 
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Rgure 1 B is a block diagram of an exemplary digital television set-top box suitable for use in the combination shown 
in Figure 1A. 

Figure 1 C is a transport stream diagram which is useful for describing the operation of the present invention. 

Figure 2 is a flow-chart diagram which illustrates the data gathering steps for the digital television status display. 

Rgure 3A is a graphic depiction of an exemplary digital television status display. 

10 Figures 3B through 3E are television image diagrams which are useful for describing the operation of the digital tel- 
evision status display. 

Figure-4Jsva flow-chart diagram of a digital VCR control and status display process according to the present inven- 
tion. 

Figure 5 Is a television image diagram which illusitrates the digital VCR corrtrol menu of Figure 4. 

Figure 6 is a television image diagram which illustrates the digital VCR status display of Figure 4. 

20 DETAILED DESCRIPTION 

(001 1] Figure 1 A is a block diagram which illustrates an exemplary system configuration according to the present 
invention. In this system configuration, a digital television receiver 90. which, in the exemplary errtoodiment of the irrven- 
ton. 16 a set-top box (STB) is coupled to display video information on a vkJeo display device 98. The STB 90 is also cou- 

25 p»ed to provide an MPEG-2 transport stream to. and to receive the MPEG-2 transport stream from a digital VCR 1 1 3. 
which tn the exempiary embodiment of the invention, is a D-VHS device. The digital VCR 1 13 is coipled to the STB 90 
via B 0tQm communcaiions channel 96. which, in the invention is an IEEE 1394 bus. As described below, the digital 
VCR 1 13 f eceiNifM and provides digital television signals isosynchronously arxJ receives commands and provides status 
riormAton «sirnctironously over the channel 96. Also shown in Rgure I B are two remote control devices, remote con- 

30 trot Omncm 94 « fof the STB 90 and remote control device 92 is for the digital VCR 113. 

1001 7J Th« emenplary entxxJimaits of the invention decode conventional HDTV signals which have been encoded 
accamryg to tfw MPEG-2 standard and in particular, the Main Profile High Level (MP@HL) and the Main ProfOe Main 
L«v0f i^iS^) MPEG-2 standards, and provides the decoded signals as video signals having a selected one of mut- 
tpietorwws 

35 [0013] The MPEG-2 Main Profile standard defines a sequence of images in five levels: the sequence level, the 
group oi pctjres level, the picture level, the slice level, and the macroblock level. Each of these levels n^ay be consid- 
ered to be a record in a data stream, with the later-listed levels occurring as nested sub-levels in the earlier listed levels. 
The records tor each level include a header section which contains data that is used in decoding its sub-records. 
[0014] Each macroblock of the encoded HDTV signal contains six blocks and each block contains data represent- 

40 ing 64 respective coefficient values of a discrete cosine transform (DCT) representation of 64 picture elements (pixels) 
in the HDTV image. In the encoding process, the pixel data may be subject to motion compensated differential coding 
prior to the discrete cosine transformation. 

[0015] The blocks of transformed coefficients are further encoded by applying run-length and variable length 
encoding techniques. A decoder which recovers the image sequence from the data stream reverses the encoding proc- 
45 ess. This decoder employs an entropy decoder (e.g. a variable length decoder), an inverse discrete cosine transform 
processor, a motKXi compensation processor, and an interpolation filter. 

[0016] The video decoder of the present invention is designed to support a number of different picture formats, 
while requiring a minimum of decoding memory for down conversion of high resolution encoded picture formats, for 
example. 48 Mb RDRAM. 

50 [001 7] Figure 1 B shows an exemplary embodiment of the STB 90. coupled to the digital VCR 113 via the txis 96. 
The exemplary STB 90 receives and decodes encoded video information at MP@HL or at MP@ML. formatting the 
decoded information to a user selected output video format (which includes both video picture and audio information), 
and interfaces for providing the formatted video output signals to display devices. The exemplary embodiments of the 
present invention are designed to support all ATSC video formats. For simplicity, the operation is divided into a Down 

55 Conversion (DC) mode which receives any MPEG Main Profile video bit-stream (constrained by FCC standards) and 
provides a 480P. 4801 or NTSC format picture, and a Full Specification (FS) mode which provides high resolution 
10801/11 251 or 750P format picture from the MPEG Main Profile bit-stream. 

[0018] The exemplary system of Rgure IB includes a front end interface 100, a video decoder section 120 and 
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associated Decoder Memory 130, a primary video output interface 140, ein audio decoder section 160, a digital data 
internee 110, and an NTSC video processing section 150. 

[0019] Referring to Rgure IB, the front end interface 100 has a transport decoder and central processing unit 
(CPU) 102 with associated memory 103. Also included is a multiplexer 101 for selecting received control information 

5 and ATSC transport stream from, for example, a digital VHS video cassette recorder (DVHS VCR) 1 1 3 via the digital 
interface 1 1 0. In the exenplary embodiment of the invention, the interface 1 1 0 operates according to the IEEE 1 394 link 
layer protocol. The IEEE 1394 bus is described in a technical standard IEEE 1394 Standard for a High Performance 
Serial Bus IEEE STD 1394-1995, August 30, 1996. This bus includes an isosynchronous data transfer mode and an 
asynchrorious data transfer mode. In the exemplary embodiment of the invention, bit-steam data is conveyed between 

10 the digital VCR 113 and the multiplexer 101 using a direct memory access (DMA) data transfer technique and com- 
mard and status irrformation are transferred between the digital VCR 113 and the CPU of the processor 102 via the 
asynchronous data transfer mode. 

[0020] Hie other input port of the multiplexer 101 is coupled to receive an encoded transport stream from a digital 
television tuner (not shown). The transport decoder 102 converts the received transport packets containing com- 

15 pressed brt-stream data from the communication channel bit stream into compressed video data, which may be, for 
example, packetized elementary stream (PES) packets according to MPEQ-2 standard. The transport decoder may 
provide either tiie PES packets directiy to the video decoder section 120 and audio decoder section 1 60, or may further 
convert the PES packets into one or more elementary streams. Rnally, the frorrt-erxJ interface 100 includes a remote 
control receiver which, for example, may receive infra-red (IR) commands from a remote control unit and provide these 

20 commands to the CPU of the transport decoder/CPU 1 02. 

[0021] The video decoder section 120 includes an ATV Video Decoder 121 and digital phase locked loop (DPLL) 
122. The ATV video Decoder 121 receives a reconstituted MPEG-2 bit-stream or video (PES) packets from the front 
end irrterface tOO, and converts the packets into the elementary stream. A front end picture processor of the ATV Video 
Decoder 121 then decodes the elementary streams according to the encoding method used, to provide luminance ar^ 

25 chrominance pixel information for each image picture. 

[0022] The ATV Vkieo Decoder 121 further includes a memory controller (not separately shown) to control decod- 
ing operations using an external menrK>ry 1 30 which provides image picture information and a display section to process 
decoded picture information into a desired picture format. The ATV Video Decoder 121 employs the Decoder Memory 
130 for processing the high resolution encoded video signal, and tiie DPLL 122 is used to generate timing signals for 

30 synchronized processing operations between tiie ATV Decoder 120 and Decoder Memory 130. The Decoder Memory 
130 includes a first group of memory units 131 , 132 and 133 which may each be a 1 6 Mb RDRAM memory, and a sec- 
ond group of memory units 134, 1 35 and 136, which may also each be a 16 Mb RDRAM memory. 
[0023] The primary video output interface 140 includes a first Digital to Analog converter (DAC) 141 . The DAC 141 
may include, for example, three DACs which process, respectively, the luminance signal Y and Cr and Cb chrominance 

35 signals. These DACs operate at 74 MHz, to produce an analog output signal for a filter 142. The filter operates to 
rerTK>ve sampling artifacts from the analog signal provided by the DAC 1 41 . This interface produces video signals hav- 
ing 1 1251 or 750P formats. The interface 1 40 also includes a second DAC 1 43. The DAC 1 43 also includes tiiree DACs 
which convert, respectively the luminance signal and the Cr and Cb chrominance signals. These DACs, however, oper- 
ate at 27 MHz to provide analog output signals for the fBter 142. The output signal of the filter 142 is a video signal hav- 

40 ing a 4801 or 480P format The primary video output interface 140 converts the digitally encoded video signals having 
a desired format into analog video signals having chrominance and luminance components which corresporxl to the 
desired format. 

[0024] The audio decoder section 160 includes an ACS Audio decoder 1 62 which provides audio signals at output 
ports 163 and 164, and optional 6-2 channel down mixing processor 161 to provide 2 channel audio signals at output 
45 port 165. The audio processing of MP@HL MPEG-2 standard generates audio signal components from encoded digital 
information and provides the audio signal components via analog output at output ports 163, 164 and 165. Decoders 
of tills type are well known in the art. An audio decoder suitable for use as the decoder 160 is a ST4600 ACS decoder, 
available from the SGS Thomson. 

[0025] In the exemplary embodiment of the invention, the digital data interface 110 is coupled to the DVHS VCR 
50 1 13 to transmit and receive transport packets and control information using, for example, the IEEE 1394 data commu- 
nications protocol. The interface 110 includes a physical layer processor 111 and link layer processor 112. The physical 
layer processor 111 and link layer processor 112 pass the transport packets containing the bit-stream between the 
DVHS VCR 113 and tiie video decoder section 1 20 and audio decoder section 1 60. The processors 111 and 112 may 
also convey transport packets containing control information between the DVHS VCR 113 and the CPU of the transport 
55 decoder/ CPU 102. 

[0026] The ATV video decoder 1 2 1 includes an on-screen display (DSD) processor 1 23 which may be used to gen- 
erate control menus, to provide information on the status of the set-top box, or to provide closed caption information. 
The DSD processor 123 may include a character generator and a graphics generator. It may access a dedicated OSD 
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area in the memory 1 30 to produce a bit-mapped display which overlays the video image produced at the primary video 
output port 146 and at the secondary video output ports 1S3 and 154. 

[0027] The NTSC video processing section 1 50 includes an ATV-NTSC down conversion processor 151 which con- 
verts the analog HDTV signal provided by the filter 142 into a 480 I signal. The NTSC encoder 152 receives a 4801 ana- 
5 log signal and converts the signal to the NTSC formatted video signal at secondary video output ports 153 (S-vkieo) 
and 154 (composite video). 

[0028] Figure 1 C shows an exemplary multi-program transport stream which is provided by the multiplexer 101 to 
the transport decoder/CPU 102. The transport streanri includes a transport packet which contains a Master GukJe Table 
(MGT) 170 and A/irtual Channel Table (VCT) according to the above-referenced PSIP protocol, a program association 
10 table (PAT) 1 72 and several transport packets for various program transport streams, PO, P 1 and P2. Each of the blocks 
labeled P0 1 80. PI 1 76 and P2 1 78 may include multiple transport packets for the particular program transport stream. 
A typical transport stream may also include packets containing a program map tables (PMTs) and Conditional Access 
Tables (CAT), one to^each program in the multi-program stream . 

[0029] The transport decoder/CPU 102 extracts the VCT 174 and PAT 172 from the transport stream to determine 
15 the number and type of programs in the trarispbrt stream. The processor 102 also extracts the program map table for 
each program in the transport stream. This tat>le associates the video, audio and data programs which are combined 
to produce a coordinated audio and video presentation. In the exemplary embodiment of the invention, the transport 
stream may also include data programs which are not associated with any audio or video programs. 
[0030] In the exemplary embodiment of the invention, one of the video program streams and its associated audio 
20 and data program streams is selected from the multiiDrogram stream to be decoded by the STB 90 and displayed on 
the display device 98. The present invention concerns a method by which status inforn^tion regarding the received sig- 
nal and the STB 90 Is presented to the viewer. 

[0031] As defined in the above-referenced PSIP specification, ihe MGT includes information on all of the events in 
the multi-program stream, where an event is defined in the PSIP specification as the combination of an associated 
25 audio, video and data program which are meant to be decoded and preserrted together. The MGT includes the p>acket 
identifier (PID) for the packets which contain the VCT. The PI D of the VCT. however, is a fixed value of 0x1 FFB. Because 
the PID of the VCT is fixed, the decoder may readily find it in the bit-stream and does not need to reference the MGT. 
A sample VCT is shown below in Table 1 . 

30 

Tablet 
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40 



Maj. Num. 


Min. Num. 


Short 
Name 


Carrier 
Freq 


Channel 
TSID 


Prog. 
Num. 


Flags 


Service 
Type 


Source ID 


Desc. 


10 


0 


WCAU- 
DO 


604 


OxAAl 


OxFFO 




digital 


20 


ch_name 


10 


1 


WCAU- 
D1 


604 


OxAAl 


OxFFI 




digital 


21 


ch_name 


10 


2 


WCAU- 

D2^ 


604 


OxAAl 


0xFF2 




digital 


20 


ch_name 


10 


3 


WCAU- 
D3 


604 


OxAAl 


0xFF3 




digital 


20 


ch_name 


10 


4 


WCAU- 
D4 


604 


OxAAT 


0xFF4 




digital 


22 


ch_name 



[0032] The Major Channel Number may be the analog broadcast channel number by which a broadcaster is known 
in the community. The number of the analog channel is maintained as the Major Channel Number even though the 

so actual digital signal may be transmitted at a different frequency. The Minor Channel Number indicates a the number of 
a particular event stream in the multi-program stream. While the numbers are shown as 0 to 4 in the above example, 
they may be any 10-bit integer. The Short Name is the name of the virtual channel. This name may have up to seven 
alphanumeric characters. The frequency is the transmission frequency on which the digital multi-program stream is 
transmitted. The Channel Transport Stream ID is a 1 6-brt value which identifies the MPEG-2 transport stream that car- 

55 ries the multi-program stream. The Program Number is a 1 6-brt value which associates the program with a PAT and 
PMT the service type indicates that alt of the channels in the VCT are digital channels. Although it is not shown in Table 
1 , the VCT may also accommodate the analog channel which Is used by the broadcaster of the digital channel. The 
Source ID identifies the provider of the program and the descriptor field may contain descriptors which point to other 
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information for the channel. In this instance, the descriptor field for each of the five minor channels points to the full 
name of the channel. 

[0033] Information from VCT the sequence header for the bit-stream and internal register values that are main- 
tained by the CPU of the processor 102 are all used by the STB static display. This status display is shown when the 

5 RECALL button (not shown) Is pressed on the STB remote control 94. The RECALL button is typically used in television: 
receivers to cause the current status of the receiver to be displayed for a short time. On a conventional television 
receiver, this status display may incliKie the channel number, time and a short name for the station. For an analog tel- . 
evision signal, the short name nrtay be transmitted as encoded information during the vertical t)lanking interval. : 
[0034] Rgure 2 is a flow-chart diagram which illustrates a method by which the status information may be extracted 

10 from the multi-program stream. At step 210. the viewer presses the RECALL button to view the status display. At step 
212, the process ot}talns the next VCT In the bit-stream. According to the ACTV startdard, the number of programs 
transmitted tn a multiiDrogram stream may change to accommodate different data rates. For example, a broadcast 
multiiDrogram stream may convey one MP@HL program or f ive MP@>ML programs. As the content of the multi-program 
stream changes, the VCT is updated to reflect these changes. To allow digital television receivers to adapt to changes 

15 in the multi-program stream, the next VCT may be sent In the transport stream before it is valid. A flag ts set in the VCT 
to indicate that it reflects the current state of the multi-program transport stream. 

[0035] Step 214 compares the flag in the retrieved VCT to ensure that it is valid. If the flag is not set, step 21 6 mon- 
itors the transport stream for tfie PID of the and extracts the currertt VCT from the transport stream. If the stored VCT 
is current at step 21 4 or after a new VCT has been obtained at step 216, step 21 8 extracts the major and minor channel 

20 numbers and the short name for the minor channel which is currently being decoded. Step 218 also counts the nun^er 
of minor channels in the current transport stream and determines the index of the currently decoded minor channel 
among the minor channels in the multi-program stream. At step 220, the process obtains the vertical size arKi aspect 
ratio inlomnatton frorrrthe sequence header data which has been pre^^iously obtained and stored by the processor 102. 
[0036] if the vertical size and aspect ratio information are not consistent with the display device 98, then the process 

25 deter nw^es if any conversion is being performed to display the received signal on the display device. For a display 
device havtrn} a 16 by 9 aspect ratio, a 16 by 9 image may be displayed full screen while a 4 by 3 image may be con- 
verted by 1) 20omng the image to fit the width of the display, thereby removing the top and bottom portions of the 
image. Z) Ej^Mndng. where the image is expanded horizontally to fit the screen, this may be done by holding the center 
of the mao« conssarc and expanding only the side panels or by expanding the entire image; or by displaying the 4 by 3 

30 image wih «de-bm on the 1 6 by 9 display. A display device having a 4 by 3 aspect ratio may display a full-screen 4 by 
3 imag« arv) may corvert a 16 by 9 image by: 1) zooming the image to fit the height of the display, thereby removing 
the ueie po^twn s . 2) shmking the image horizontally either across the entire image or just at the side panels; or 3) dis- 
playing the 16 by 6 image in a letter-box mode with a background color being displayed above and below the 16 by 9 
image lo f iH ou; the 4 by 3 screen. 

35 [0037] Also at slep 220, the information obtained at steps 218 and 220 is formatted into a status display and pro- 
vided to the display device 98. At step 222, the process waits until the RECALL time (typically a few seconds) has 
elapsed and then, at step 224 ceases to provide the status display to the display device 98. After step 224. the process 
branches DacK to step 210 to wait until the RECALL is pressed again. Although the process of Figure 2 Is shown as an 
endless loop, it is cortemplated that it may be implemented as a vectored interrupt process which is invoked by the CPU 

40 102 when the RECALL button is pressed. In this implementetion, the display may also be activated any time there is a 
change in any of the status information. 

[0038] Figure 3 A is a graphic depiction of the STB status display. This display includes a 5ymfcx)l 310 indicating that 
a digital television program is being decoded, an irxiication. 310 of the major and minor channel numbers, in this 
instance. 10 and 2, respectively, arxf a graphic illustration of the number of minor channels 316a through 31 6e being 

45 transmitted tfvough the major channel with the current minor channel 316c highlighted. The display also includes the 
short name 312 ol the cunent minor channel, in this instance. WCAU-D2. Finally, the status cGsplay includes indications 
of the format being used to display the received signal at the primary and secondary output ports. The format at the 
primary output port, 318. indicates that the signal is a 480 P signal 520 which is displayed on the 16 by 9 monitor with 
sidebars 322. The format of the secondary output port. 324, indicates that the 480 P image occupies the full screen of 

50 the 4 by 3 nnonitor. 

[0039] Rgures 38 and 3C illustrate an exemplary image which may have the status display shown in Figure 3A, as 
displayed on a 16 by 9 monitor coupled to the primary output port 146 (shown in Figure 1 B) and on a 4 by 3 monitor 
coupled to the secondary output port 153, 1 54 (also shown in Figure 1 B). Figure 3B shows the sidebars 330 on the 16 
by 9 monitor. 

55 [0040] Figures 3D and 3E illustrate an exemplary image which may have the which may be obtained by advancing 
to the next minor program, program 3. in the multi-program stream. This image is a 1 6 by 9 720 P image. It is noted that 
the status display is updated to show the new minor program number as well as the short name for the new program. 
In addition, the display parameters are changed to show that the 720 P image is displayed in full-screen mode on the 
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16 by 9 monitor and in letterbox mode on the 4 by 3 monitor. Rgure 4E shows the blanked top and bottom portions 430 
of the display when the 16 by 9 image is displayed in lettertxsx format 

[0041] As descrbed above, the set-top box 90 is coupled to a digital VCR 1 13 via an IEEE 1394 serial biis i96 to 
transfer a transport stream from the VCR 113 to the STB 90 to be decoded and displayed. In addition, the STB 90 may 

5 control the operation of the VCR 113 through the serial bus 96. As described above, the IEEE 1394 bus employs two 
methods of data transfer: isosynchronous and asynchronous. In the exemplary embodiment of the invention, the iso- 
synchronous nnode is used to transfer the transport stream from the digital VCR 1 1 3 to STB 90. This mode may employ, 
for example, a direct memory access protocol to transfer data between a first buffer memory in the VCR 1 1 3 to a second 
buffer menrx>ry, for example, in the 1 394 link layer device 112 (shown in Figure 1 B). To perform the actual data transfer. 

10 the physical layer device 111 artd a similar physical layer device (not shown) in the VCR 1 1 3. may partition and encap- 
sulate the data stream according to a physical data transfer protocol. 

[0042] The control of the digital VCR 113 from the STB 90 is complicated by the ability to separately control tiie 
VCR via its front pane! cpntfols (not shown) or via the VCR renrate control 92. Figure 4 is a flow-chart diagram which 
illustrates one method by which the VCR 1 13 may be controlled from the STB 90. In the first step in this process, step 

75 410. the STB 90 receives a command to activate the command menu for tiie digital VCR 1 1 3. At step 41 2. in response 
to this command, the STB 90 causes a control menu for the VCR 1 13 to be displayed on the display device 98. Next, 
step 414 waits until the viewer enters a command for the digital VCR 1 13. At step 416. tiie command is interpreted and 
sent tp the VCR 113 via the bus 96. At step 418, the process determines if a pending transport status request exists for 
the VCR 113. As described t>elow, tiie STB 90 uses these transport status requests to determine the current state of 

20 the digital VCR 1 1 3. If the state of the VCR changes due to internal operation or due to the viewer entering a command 
via the front panel or the renrK)te control 92. the pending transport status request will cause the VCR 1 13 to report the 
status change to the STB 90. 

[0043] At step 418, if a status request is already pending tiien the VCR 1 13 will report any status change caused 
by the command that was issued in step 41 6. Consequently, if a status request is pending at step 418, control transfers 

25 to step 422 to wait for the response. If no status request is pending at step 418. then, at step 420 the process sends a 
status request to the digital VCR 1 13. At step 422. the process waits for a response from tiie pending status request 
indicating that a change in the state of tiie VCR 113 has occurred. At step 424, tiie process retrieves the status change 
information from status response and updates the display. AJtso at step 424, tiie process sends a new transport status 
request to the digital VCR 1 13 to ensure tiiat tiie STB maintains the current status of the VCR 1 13. At step 426. the 

X} process determines if a new VCR command has been entered through the VCR control panel on the STB 90. If so. con- 
trol brarKhes to step 416. described above. Otherwise, the process loops until a status response is rec^ved from the 
digrtal VCR113. 

(0044] While Figure 4 shows the STB VCR confrol as a single non-terminating process, it is contemplated tiiat it 
may be implemented as two separate vectored interrupt processes. In this instance, the first process may include steps 
35 410 through 420. which is invoked when a user enters a VCR command from the STB 90 while the second process may 
tndude step 424 which is invoked when a status response is received from the VCR 113. 

(0045] In the exemplary embodiment of the invention, the VCR control panel for tiie STB may be irrplemented as 
shown in Figure 5. Ttie control panel 500 includes a status window 510 and control buttons for rewind, 512; stop, 514; 
fast forward, 516; play, 518; pause, 520; and record, 532. The user selects a button on the VCR control menu using, for 
40 example, the arrow keys on tiie STB remote control 94 and then engages the button by pressing the ACTION key (not 
ehoMffi). When a button is selected, it is highlighted with respect to tiie other buttons. In Figure 5. the pause tHJtton 520 
ts highlighted. An instruction window 524 is also provided in the exemplary embodiment of the invention to inform the 
viewer off steps that may be taken, in this instance, tiie pause key may be engaged by pressing the ACTION key on the 
STB remote control 94. 

42 [0046] As shown in Figure 5, when the VCR control menu 500 is d^played the current status of the digital VCR 1 13 
is shown in the status window 510. When the control menu is not displayed, it may still be desirable to notify the viewer 
when the VCR 113 has changed state. In the exemplary embodiment of the invention, this is accomplished via a VCR 
status display 600 shown in Rgure 6. The status display 600 includes a display element 610 which identifies the infor- 
mation as pertaining to the digital VHS VCR, a window 612 having the same contents as tiie window 510 shown in Fig- 

so ure 5, and a time window 614, which may, for example, display the current time index of the video tape. 

[0047] The control display shown in Figure 5 blocks a relatively large portion of the screen. Although not shown, the 
digital television receiver 90 may also display a minimized menu. This menu may be activated by advancing the menu 
of the VCR control panel until a minimize "button" (not shown) is selected. When this button is activated, tiie control dis- 
play shown in Figure 5 becomes a linear display at the bottom of the screen containing only the symbols in tiie buttons 

55 512. 514. 516. 518. 520 and 522. 

[0048] Figures 5 and 6 are usefol for describing tiie operation of tiie STB 90 in controlling the digital VCR 113. In 
Figure 5, the viewer has brought up the control menu and. in a previous step, has engaged the record txjtton to cause 
the digital VCR to record the existing program. After receiving a response at step 422 indicating that tiie VCR is record- 
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ing, the STB issues a new status request commarrd at step 424. Some time later, the viewer has deactivated the VCR 
control menu and the VCR, white recording, has encountered the end of the tape. In this instance, the VCR immediately 
changes state to rewind the tape. This; status change is sent to the STB in response to the pending transport status 
rec|uest The response |s received at step 422 and the viewer is informed of the status change via the cfisplay 600 
5 shown in Figure 6. 

[0049] . Whfle the invention has been described In terms of an exemplary embodiment it is contemplated that it may 
be practiced within the scope of the appended claims. 

Claims 

1. A method for displaying the status of a digital television receiver which receives an ATSC multi-program stream 
comprising the steps of : 

displaying an identifier for a major channel transmitted in the ATSC multiixogram stream; 
15 • . . •■ . ■ ■. . ... 

displaying a plurality of indicators, each of the indicators conresponding to a respectively different one of a plu- 
rality of minor channels within the major channel for a single major channel; and 

highlighting one of the minor channel indicators to indicate that video irrformation in the respective minor chan- 
20 nel is being decoded and displayed. 

2. A status display method according to claim 1 , wherein the digital television receiver includes ah image format con- 
verter which converts images generated from the one minor channel to a format compatible with a display device 
that may be coupled to the television receiver, the method further comprising the step of displaying information con- 

25 earning the format of the received signal and any format conversion that is currently being performed. 

3. A method for controlling a peripheral device which is connected to a digital television receiver via a communications 
channel comprising the steps of: 

30 displaying a control rnenu for the peripheral device on a display device coupled to the digital television receiver 

receiving a command for the peripheral device via the control menu; 

sending a status request to the peripheral device; 

35 

sending the command to the peripheral device; 
receiving a status response from the peripheral device; 
40 updating the control menu with information contained in the status response; and 

sending a further status request to the peripheral device. 

4. Apparatus for displaying the status of a digital television receiver which receives an ATSC multi-program stream 
45 corrprising: 

means for displaying an identifier for a major channel transmitted in the ATSC multi-program stream; 

means for displaying a plurality of indicators, each of the indicators corresponding to a respectively different 
so one of a plurality of minor channels within the maior channel for a single major channel; and 

means for highlighting one of the minor channel indicators to indicate that video information in the respective 
minor channel is being decoded and displayed. 

55 5. A status display apparatus according to daim 4, wherein the digital television receiver includes an image format 
converter which converts images generated from the one minor channel to a format compatible witii a display 
device that may fc>e coupled to the television receiver, the apparatus further comprising means for displaying infor- 
mation concerning the format of the received signal and any format conversion that is currently being performed. 
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6. Apparatus for controlling a peripheral device which is connected to a digital television receiver via a communica- 
tions channel comprising the steps of: 

means for displaying a control menu for the peripheral device on a display device coupled to the digital televi- 
sion receiver 

means for recdving a command for the peripheral device via the control menu; 

means for sending a status request to the peripheral device; 

means for sending the command to the peripheral device; 

means for receiving a status response from the peripheral device; and, , 

75 means for updating the control menu with information contained in the status response; wherein the means for 

sending the status request to the peripheral device sends a further status request to the peripheral device after 
the control menu is updated.. 

so ^ 
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(57) A television receiver which receives an ATSC 
mj»ti-program stream for a single major channel and 
generates a status display which displays the nnajor 
c^annel Identifier and a plurality of indicators, each cor- 
responding to a respective one of the minor channels 
associated with the major channel. The indicator corre- 
sponding to the minor channel that is currently selected 
IS highlighted with respect to the other indicators. The 
loicvision receiver includes an image format converter 
and the status display also includes information con- 
cerning the f omnat of the received signal and any fomnat 
conversion that is currently being performed. The tele- 
vision receiver is also coupled to a digital VCR via a dig- 
ital communications link. The digital television receiver 
generates a control panel for the digital VCR on the dis- 
play device of the television receiver, and includes a fa- 
cility for receiving commands for the digital VCR, send- 
ing the commands to the digital VCR via the digital com- 
munications link displaying the current status of the dig- 
ital VCR. The television receiver maintains the status 
display for the digital VCR, by sending a status change 
request to the digital VCR immediately after receiving 
any status change infonnation, whereby the VCR re- 
sponds to the status change request only on a subse- 
quent change in its operational status. 
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